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(54) Isometric primer extension method and kit for detection and quantification of specific 
nucleic acid 

(57) A method for detecting and/or q uantifying a tar- 
get DNA or RNA present in a sample by a isometric prim- i 
er extension method is disclosed. The method includes 
carrying out a primer extension reaction in the absence 
of a free nucleotide so that the primer extension reaction 
is stopped where the absent nucleotide would have 
been inserted. Thus, as the amount of incorporation of 
a labeled nucleotide on the primer extended product is 
detected, the amount of the target RNA or DNA in the 
sample is measured. 
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RACKGROUND OF THE INVENTION 

5 [0001] The present invention is related to a method for detecting and quantifying specific DNA or RNA by using an 
isometric primer extension (iPE) method. , . ■ p.... . 

[00021 Conventional methods for detecting and quantifying special sequences of nucleic acids such as DNA and 
RNA include southern blotting, northern analysis, and RNase protection assays, and Polymerase Chain Reaction 
(PCR) among other methods. However, if the detection of a specif ic RNA species in a sample is considered, Northern 

io blotting and RNase protection assay present limitations in efficiency, labor intensiveness, accuracy, high cost, sensi- 
tivity qreater RNA sample requirement, specialized equipment, and a large amount of bio-hazardous and radioisotopic 
waste material that are generated. In particular, both Northern blotting and RNase protection assay require 2-3 days 
for completion of the analyses. In addition, Northern blotting requires running a RNA gel, transferring the RNA to a 
solid support preparing a probe, and carrying out a hybridization reaction. The sensitivity requirement is a 5 ug sample 

is for adequate sensitivity. Northern blot is based on the principle of hybridization between the target and the probe nucleic 
acid. Moreover, the cost per reaction is fairly high, as is the amount of biohazardous and radioisotopic waste matenal 
that are generated. 

[0003] Similarly RNase protection assay requires 2-3 days to obtain the appropriate results. The expenmental pro- 
cedure requires preparing template DNA, preparing RNA probe, carrying out hybridization reaction, enzyme digestion 

20 reaction and running a gel. In order to obtain good results, a 1 ug sample of the target RNA is required. The pnnciple 
behind RNase protection assay is a combination of hybridization and enzyme digestion reactions. As in the Northern 
blotting method, it is expensive to carry out this reaction. Furthermore, biohazardous and radioisotopic waste products 
are generated in high amounts. A chart comparing the various factors associated with Northern blotting, RNase pro- 
tection assay and the multiple primer extension method of the present invention is set forth in Table 1 . 

25 [0004] U.S. Patent No. 5,846,71 0 discloses using a primer extension technique to screen forvariant DNA molecules. 
However, this patent does not disclose detecting a target DNA or RNA in a sample. 

r00051 U S Patent No. 5,994,079 discloses forming an RNA/DNA hybrid by annealing a DNA primer to a specific 
RNA and extending the primer by using reverse transcriptase. The hybrid is detected by an antibody specif ic for the 
RNA/DNA hybrid. However, this patent does not disclose detecting a target DNA or RNA in a sample as in the present 

30 [0006i° n it is recognized that there is a need in the art for a nucleic acid detection method that is simple, costs less 
time, is sensitive, cost effective and has a low adverse environmental impact. The present invention as described 
hereinbelow meets all of these needs. 

35 SUMMARY OF THE INVENTION 

[0007] The present invention has met the hereinbefore described need. 

[0008] The present invention is directed to a method for detecting or quantifying a target nucleic acid in a sample 
comprising: 

^ (a) preparing a primer or primers specifically matched to a predetermined position of the target nucleic acid; 

(b) annealing the primer or primers from (a) with the target nucleic acid under high stringency conditions to obtain 
a primer-nucleic acid duplex at the predetermined position of the target nucleic acid; 

(c) mixing the primer-nucleic acid duplex from (b) with a mixture comprising: 

(1 ) on e or two or three types of free non-terminator nucleotides and at least one type of non-terminator nucle- 
otide that is optionally labeled with a detectable marker, and 

(2) with or without a type of terminator nucleotide that is different from the one or two or three types of non- 
terminator nucleotides in (1); 

X (d) performing the primer extension by enzymatic or chemical reaction in an appropriate buffer; and either 

(e) detecting or quantifying the amount of labeling signal on the primer extended nucleotides, or 

(f) detecting or quantifying the amount of extended primers by mass spectrometry. 

55 [0009] In the above method, the primer can be a nucleic acid primer, an oligodeoxyribonucieotide, an oligoribonu- 
cleotide, or a copolymer of deoxyribonucleic acid and ribonucleic acid. The nucleic acid of interest can be a deoxyn- 
bonucleic acid, a ribonucleic acid, or a copolymer of deoxyribonucleic acid and ribonucleic acid. 
[0010] In a preferred embodiment, the method may comprise using a mixture comprising a combination of non- 
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rminator and terminator nucleotides as follows: 

(a) dATP, dCTP. dGTP, ddTTP or ddUTP, 

(b) dATP, dCTP, dTTP or dUTP, ddGTP, 

(c) dATP, dGTP, dTTP or dUTP, ddCTP, 

(d) dCTP, dGTP, dTTP, or dUTP, ddATP, 

(e) dATP, dCTP, dGTP, 

(f) dATP, dCTP, dTTP or dUTP, 

(g) dATP, dGTP, dTTP or dUTP, or 

(h) dCTP, dGTP, dTTP or dUTP. 



rnm 11 The method of the invention may use at least one non-terminator nucleotide that is labeled with a detectable 

invention, the referenced drawings attached hereto and the claims appended hereto. 
DESCRIPTION OF THE DRAWINGS 
[00141 

Fioure 1 - a schematic of multiple primer extension reaction to detect and quantify a specific DNA sequence. 
Figure 2 - 1 Sematic for using the multiple primer extension method to detect and quantrfy RNA. 

DETAILED DESCRIPTION OF THE INVENTION 

the extended primer is separated away from the free nucleohdes, the extended pnmer * assayed for mcorporat. 
length (isometnc) pnmer extended nucleic acid will be maae, _oeca accura tely quantify the number or 

■ buss ^ 

vertebrates, invertebrates, mammals, human beings, horses, dogs, cows, cats. p.gs, or sheep.The target nude* 
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can occur naturally, or can be synthesized enzymatteally in vivo, synthesized enzymatically in vitro, orsynthesized non- 

[aS"' Tl» accleic add ot interest can comprise non-aataral nucleotide analog such as d^noalne 
&9^n«ta. Tnese Rogues desod*. DNA duplexes and culd atkvw a pdmer annealing and extension 

EL nucleotide base from which a mutation is sought to be identified at the base ste By "standard ^otad. 
S 7 included any known base, whteh may include wild-type ora^ 

Snt^LanTbaie lis sought. Therefore, the method of the invention can be applied to any known sequence that can 

SngasTpoint of initiation of synthesis when piaced under conditions that allow ^J^^^JE 
pToduct which is complementary to a nucleic acid (template) strand, .n the presence of vanous factors such as 

to and upstream of, the nucleotide base to be identified. „ roMnt in nucleic 

££q ?n addition, the primer must be capable of hybridizing or anneal.ngw.th ""^^^^^ 
acid of interest. One way to accomplish the desired hybridization is to have the template-dependent pnmer be sub 
ctantialh/ comDlementary or fully complementary to the known base sequence. 
is K ^^nSideprimercan 

sedation of the primer from the unincorporated reagent and/or the nucleic ac.d of interest. 

fn^de but are not limited to, digrtonin, magnetic beads, and ligands, such as protein hgands, .nclud.ng ant.bod.es 

ST. S Z£SZ*L** a»»m« are DNA polym«~.. Th. DNA poUmemse can be ot s«»raM «~ 
^ DNA TSrnaria must" hcwcar. be pnma, and template dapandant Fa, «npfe 

th. -Ktenow tegment- thereat, T4 DNA pol»rheras., T7 DNA polymerase CSeau.nas.-), T. aduaOco* DNA pol»nrer 
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^=r,r=^ 

DMA and RNA. or any modirtaidon diaraot. and oan ba any langth or saqaanca. 

!?^ror.n£r^^ 

b-ont.^a,.*,^^ 

such as but not limited to a wash condition of O.IXbbU, ai nyunum kAnl *,i ar Rinlnav Greene and 

general Molecular Biology protocol books, such as Ausube. et a,., Cunent Protocols ,n Molecular B.otogy Greene 

ethylene powder. Thin layer chromatography methods are descnbed fJ^^^^^^^X 
S d ==„a^ 

[0038] A moa "'~"'°' . jc acjd of interest afl er the extension reaction by us.ng appropriate denatunng 

S. no^inTor^biod Jn than b. a«ad to didaranba* ba»aan ineorporadon o. — or nan«rm,na»r 
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J or absence of atarqet nucleic acid in a sample quantitatively or non-quant.tat.vely as des.red. Each compo 
Er^Srt^rlSES packaged in its own suitable container. The individual containers may afeo be 



EXAMPLE 



in nucleic acids derived from biological samples. . 
tStMS] All of the references cited herein are incorporated by reference .n the.r ent.rety. 
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TABLE 2 



RNA amount (ng) 


Labeled primer (com) 


20 


31552 


10 


29756 


5 


26066 


2 


16779 


1 


11156 


0.5 


6587 


0 


6703 
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25 



40 



45 
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SEQUENCE LISTING 

<110> WANG, Xiao B. 

MORISAWA, Shinkatsu 

<120> Isometric Primer Extension Method and Kit for Detection 
and Quantification of Specific Nucleic Acid 

<130> 900315 

<140> 
<141> 

<150> US 60/209, 987 
<151> 2000-06-08 

<150> US 

<151> 2001-05-23 
<160> 9 

<170> Patent In Ver. 2. 1 

<210> 1 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:synthetic 
oligonucleotide 

<400> 1 

gtgggaaccg tgtca 
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<210> 2 
<211> 70 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence Synthetic 
oligonucleotide 

<400> 2 

tgatcagcag gctgaaatcg tcgtggattg caacgacgcc gacgattctc gtcctttaag 
gcgatagcat 



<210> 3 
<211> 16 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic 
oligonucleotide 

<400> 3 

tcgtcggcgt cgttgc 



<210> 4 
<211> 12 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic 
oligonucleotide 
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<400> 4 

aaaggacgag aa 3 

<210> 5 
<211> 70 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic 
oligonucleotide 

<400> 5 

ugaucagcag gcugaaaucg ucguggauug caacgacgcc gacgauucuc guccuuuaag 
gcgauagcau 

<210> 6 
<211> 8 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence Synthetic 
oligonucleotide 

<400> 6 
gcctgctg 

<210> 7 
<211> 9 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: synthetic 
oligonucleotide 

<400> 7 
ccacgacga 



<210> 8 
<211> 8 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic 
oligonucleotide 

<400> 8 
ttaaagga 



<210> 9 
<211> 5 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:synthetic 
oligonucleotide 

<400> 9 
gattt 



A method for detecting or quantifying a target nucleic acid in a sample comprising: 

(a) preparing a primer or primers specifically matched to a predetermined position of the target nucleic acid; 
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(b) annealing the primer or primers from (a) with the target nucleic acid under high stringency conditions to 
obtain a primer-nucleic acid duplex at the predetermined position of the target nucleic acid; 

(c) mixing the primer-nucleic acid duplex from (b) with a mixture comprising: 

5 (1 ) one or two or three types of free non-terminator nucleotides and at least one type of non-terminator 

nucleotide that is optionally labeled with a detectable marker, and 

(2) with or without a type of terminator nucleotide that is different from the one or two or three types of 
non-terminator nucleotides in (1); 

io (d) performing the primer extension by enzymatic or chemical reaction in an appropriate buffer; and 

(e) detecting or quantifying the amount of labeling signal on the primer extended nucleotides, or 

(f) detecting or quantifying the amount of extended primers by mass spectrometry. 

2. The method according to claim 1 , wherein the primer is a nucleic acid primer, an oligodeoxyribonucleotide, an 
is oligoribonucleotide, or a copolymer of deoxyribonucleic acid and ribonucleic acid. 

3. The method according to claim 1 , wherein the nucleic acid of interest is a deoxyribonucleic acid, a ribonucleic acid, 
or a copolymer of deoxyribonucleic acid and ribonucleic acid. 

20 4. The method according to claim 1 , wherein the non-terminator nucleotide is deoxyribonucleotide or ribonucleotide. 

5. The method according to claim 1 , wherein the terminator is dideoxyribonucleotide. 

6. The method according to claim 1 , wherein a combination of non-terminator and terminator nucleotide mix is: 

25 

(a) dATP, dCTP, dGTP, ddTTP or ddUTP, 

(b) dATP, dCTP, dTTP or dUTP, ddGTP, 

(c) dATP, dGTP, dTTP or dUTP, ddCTP, 

(d) dCTP, dGTP, dTTP, or dUTP, ddATP, 
30 (e) dATP, dCTP, dGTP, 

(f) dATP, dCTP, dTTP or dUTP, 

(g) dATP, dGTP, dTTP or dUTP, or 

(h) dCTP, dGTP, dTTP or dUTP. 

35 7. The method according to claim 1 , wherein at least one non-terminator nucleotide is labeled with a detectable 
marker. 

8. The method according to claim 1 , wherein the terminator nucleotide is labeled with or without a detectable marker 
that is different from the marker labeled with non-terminator nucleotides. 

40 

9. The method according to claim 7 or 8, wherein said detectable marker comprises an enzyme or protein moiety, 
radioactive isotope, a fluorescent moiety or a chemical group. 

10. The method according to claim 1 , wherein said non-terminator and terminator nucleotides are unlabeled and de- 
45 tecting or quantifying step is carried out by analyzing amount of extended primers using mass spectrometry. 

11. The method according to claim 1 , wherein said enzyme is template-dependent. 

12. The method according to claim 11 , wherein the template-dependent enzyme is DNA polymerase, RNA polymerase 
so or reverse transcriptase. 

13. The method according to claim 1 2, wherein the template-dependent enzyme is E. coft'DNA polymerase I, a Klenow 
fragment thereof, T4 DNA polymerase, T7 DNA polymerase, Thermophilic DNA polymerase, retroviral reverse 
transcriptase, or a combination thereof. 

55 

14. The method according to claim 1 , wherein the target nucleic acid is synthesized enzymaticalty in vivo, in vitro, or 
synthesized non-enzymatically. 
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15. The method according to claim 1 , wherein the target nucleic acid is synthesized by polymerase chain reaction. 

16. The method according to claim 1 , wherein the target nucleic acid comprises non-natural nucleotide analogs. 

17. The method according to claim 16, wherein the non-natural nucleotide analogs comprise deoxyinosine or 7-deaza- 
2"-deoxyguanosine. 

18 The method accordingto claim 1 , wherein the target nucleic acid comprises genomic DNAfrom an organism, RNA 
transcripts thereof, or cDNA prepared from RNA transcripts thereof. 

19. The method according to claim 18, wherein the organism is a plant, microorganism, bacteria, virus. 

20. The method according to claim 1 8, wherein the organism is a vertebrate or invertebrate. 

21 . The method according to claim 1 8, wherein the organism is a mammal. 

22. The method according to claim 21 , wherein the organism is a human being. 

23. The method according to claim 1 , wherein an amplification step is performed on the target nucleic acid. 

24 The method according to claim 23, wherein the amplification step comprises cloning, transcription, Phrase 
chain reaction (PGR) ligase chain reaction (LCR), strand dteplacement amplification (SDA), or loop mediated 
isothermal amplification (LAMP). 

25 The method according to claim 1 , wherein the primer comprises one or more moieties that permit affinity separation 
of the primer from the unincorporated reagent and/or the nucleic acid of interest. 

26 The method according to claim 1 , wherein the primer comprises one or more moieties that allows immobilization 
of primer onto a solid support to produce an immobilized pnmer sequence. 

27. The method according to claim 25 or 26, wherein the moieties comprises a special chemical groups such as biotin 
or digitonin. 

28. Themethodaccordingtoda-™25or26^ 

primer to link to a solid support via base pairing to a complementary sequence present in sol.d support. 

29. The method according to claim 1, wherein the primer is directly synthesized on a solid support to produce an 
immobilized primer sequence. 

30. The method according to daim 29, wherein the synthesis is accomplished by enzymatic or chemical or physical 
method. 

31 . The method according to claim 1 , the primer is immobilized onto a solid support to produce an immobilized target 
nucleic add sequence. 

32. The method according to claim 1 , wherein the primer is reversibly immobilized on to a solid support. 

33. The method according to daim 32, wherein the primer can be cleaved from the solid support by a chemical, en- 
zymatic or physical process. 

34. The method according to claim 1 . wherein the target nucleic acid is immobilized onto a solid support to produce 
an immobilized target nucleic add sequence. 

35. The method according to claim 1 , wherein the target nucleic add is reversibly immobilized onto a solid support. 

36. The method according to daim 34. wherein the target nudeic acid can be cleaved from the solid support by a 
chemical, enzymatic or physical process. 
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37. The method according to claim 31 , 32, 34 or 35„ wherein immobilization is accomplished via a photocleavable 
bond. 

38. Themethodaccordingtoclaim26,28,29,31,32,34or35,whereinthesolidsupportcomprisesbeads, flat surfaces, 
chips, capillaries, pins, combs or wafers. 

The method according to claim 31, 32, 34 or 35, wherein said immobilization is accomplished by hybridization 

anTa porTn offre nucleoid mo.ecu.e, which dtetlnct from the target nucleic acid sequence. 

do The method according to claim 31 , 32, 34 or 35, wherein said immobilization is accomplished via direct bonding 
lllTntt support and a portion of the nucieic acid mo.ecu.e, which is distinct from the target nuc.e.c ac.d 
sequence. 
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Fig. 1 
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Fig. 2 
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